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Description 

[0001] This invention relates to liposomal pharmaceu- 
tical compositions containing an a-int rferon hybrid, 
particularly for the treatment of viral liver disease. 
[0002] Recent clinical trials with interferons have 
demonstrated their usefulness in the treatment of vari- 
ous diseases, particularly as antiproliferative agents in 
the treatment of various kinds of cancer and as antiviral 
agents in the treatment of, for example, hepatitis and 
Karposi's sarcoma. However, when administered ther- 
apeutically via the circulation system, they can give rise 
to various toxic side effects. Additionally, recombinant 
interferons frequently elicit the production of neutralising 
antibodies. It has been proposed to overcome these dis- 
advantages by encapsulating the interferon in lipo- 
somes. 

[0003] Journal of Interferon Research, vol. 2, no. 1, 
1982, pp. 117-125 discloses liposomes having a lipid 
composition of EPC/ChoVPS = 4:5:1 and further com- 
prising human interferon-alpha. An a-interferon B/D hy- 
brid is, however, not specifically mentioned therein. 
[0004] Recombinant human a-interferon B/D hybrids 
are of particular interest as antitumour and antiviral 
agents. In EP 0 331 635 there is disclosed a phamna- 
ceutical composition for the treatment of bladder cancer 
comprising a-interferon BBDD or BBDB hybrid con- 
tained in liposomes formed from palmitoyl-(9-cis-octa- 
decenoyl)-3-sn-phosphatidytchloline (POPC) and 
1,2-di-(9-cis-octadecenoyl)-3^n-phosphatidyl-(S)-ser- 
ine (OOPS). 

[0005] There is a need for liposomal a-interferon hy- 
brid compositions having greater stability, i.e. less ten- 
dency to leak the protein, in particular for liposomal com- 
positions which are capable of directing an a-interferon 
hybrid in protected form to liver cells as the target cell 
populatkm. particularfy in the treatment of viral liver dis- 
ease. 

[0006] It has now been found that liposomes contain- 
ing an a-interferon hybrid entrapped in a particular com- 
binatk)n of lipids have good stability, with retention of the 
antiviral activity of the a-interferon hybrkj, and show a 
high capacity to associate with liver cells. 
[0007] Accordingly, the present invention provides in 
one aspect a pharmaceutical composition comprising 
an a-interferon B/D hybrid contained in liposomes 
formed from a lipid mixture comprising 50 to 75 nrtol % 
neutral phospholipki, 20 to 40 mol % cholesterol and 5 
to 10 mol % charged phospholipid. 
[0008] In another aspect the present invention pro- 
vides the use of an a-interferon hybrid contained in li- 
posomes as hereinbefore defined in the preparatbn of 
a medicament for the treatment of viral liver disease. 
[0009] The a-interferon hybrid is an a-interferon B/D 
hybrid. The preparation of such hybrids is described in 
US 4 41 4 1 50 and EP 0 205 404. An especially preferred 
hybrid is a-interferon BDBB, the preparatbn of which is 
described in EP 0 205 404. 



[0010] The lipid component of the liposomes, i.e. the 
lipid mixtur as hereinbefor defined, preferably has a 
phase transition temperature of 20 to 30*C. The major 
component of the lipid mixture is preferably the neutral 

s phospholipid component, which is pref rably present in 
an amount of at least 50 mol % of the lipid mixture. In 
order for the lipki membrane to have a phase transition 
temperature within the prefen-ed range of 20 to SO'^C, 
the neutral phospholipid component, which preferably 

10 comprises one or more phosphatkiyi cholines, should 
preferably have a phase transition temperature of 20 to 
30°C. This can be achieved by using, as the neutral 
phospholipid component, (a) a single phospholipid, 
preferably a phosphatidybholine such as dimyristoyi 

IS phosphatkiylcholine or 1-myristoyl-2-palmitoyl-phos- 
phatidylcholine having a phase trans'rtion temperature 
within this range, (b) a mixture of two or more phosphol- 
ipids, preferably phosphatidylcholines such as those 
mentioned hereinbefore, at least one of which has a 

20 phase transition temperature within this range, or (c) a 
mixture of a phospholipki, preferably a phosphatidylcho- 
line, having a phase transition temperature higher than 
SO^C with a phospholipid, preferably a phosphatidylcho- 
line, having a phase transition temperature below 20''C. 

2S [0011] In a preferred embodiment of the inventk)n. the 
neutral phospholipid is dimyristoyi phosphatidylcholine 
or a mixture thereof with another neutral phosphatidyl- 
choline, sakj mixture having a phase transition temper- 
ature of 20 to SO'^C. In especially preferred embodl- 

30 ments, dimyristoyi phosphatidylcholine is used as the 
neutral phospholipid component. 
[0012] The charged phospholipid(s) is (are) prefera- 
bly negatively charged. Suitable negatively charged 
phospholipids include phosphatidylserines such as 

3S dimyristoyi phosphatidylserine, dipalmitoyi phosphati- 
dylserine, or dbleoyl phosphatidylserine, phosphati- 
dylglycerols, phosphatidic acids and phosphatklyleth- 
anolamines. Phosphatidylserines are preferred, espe- 
cially dioleoyi phosphatidylserine. 

40 [001 3] The lipid mixture as hereinbefore defined pref- 
erably comprises 50 to 75 mol % neutral phospholipid, 
20 to 40 nrK>t % cholesterol and 5 to 10 mol % charged 
phospholipid, more preferably 55 to 70 nrtol % neutral 
phospholipid, 25 to 35 mol % cholesterol and 5 to 10 

45 mol % charged phospholipid. In an especially preferred 
lipid mixture, the molar ratio of neutral phospholipld:cho- 
lesterol: charged phospholipki Is 9:5:1. 
[0014] The liposomes should preferably have an av- 
erage particle size not greater than 200 nanometers, es- 

50 pecially 80 to 1 80 nanometers. 

[0015] It is generally desirable to have as high a 
weight ratio of a-interferon hybrki to lipki as possible 
consistent with liposome stability. The maximum for this 
weight ratra may vary depending on the nature and com- 

55 position of the lipid component, but in general is likely 
to be about 1 :200. However, it has been found that good 
results can be obtained with liposomes in whbh this ratio 
is from 1:400 to 1:300. 
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[0016] The a-interferon hybrid-containing liposomes 
of the invention can be prepared using known m thods 
for the preparation of drug-containing liposomes. In ac- 
cordanc with the invention, a preferred method of pre> 
paring a composition of the invention as h relnbefore s 
defined comprises removing solvent, preferably by 
freeze drying, from a solution of a lipid mixture as here- 
inbefore defined In an organic solvent to give a lipid res- 
idue, mixing the lipid residue with an aqueous medium 
containing the a-interferon hybrid, agitating the resulting 
mixture to obtain an aqueous suspension of liposomes 
containing entrapped a-interferon hybrid and extruding 
the suspension obtained, optionally after dilution with an 
aqueous medium, through one or more membrane fil- 
ters. 

[0017] Suitable organic solvents for use in the above 
method include alcohols, ethers, hydrocarbons, halohy- 
drocarbons and mixtures thereof. Good results have 
been obtained with alcohols, especially tert-butanol. 
[001 q The aqueous medium containing the a-lnter- 
feron hybrid usually contains a buffer to maintain the 
medium at pH 7.0 to 8.0, preferably 7.5 to 7.7. Agitation 
of the mixture of this medium with the lipid residue may 
be effected in a conventbnal manner, for example using 
a Vortex mixer or by stirring at high speed. Membrane 
filters suitable for the extrusion of the aqueous lipsome 
suspension to obtain the desired particle size include 
conventional polycarbonate filters having a defined pore 
size. 

[0019] The aqueous liposome suspension obtained 
after extrusion may be further treated to separate the 
liposomes from unentrapped a-interferon hybrid in a 
conventional manner, for example by chromatography 
followed by dialysis against an interferon-f ree aqueous 
phase. 

[0020] For storage purposes, the liposomes may be 
dehydrated to powder form after their preparation. This 
dehydration is preferably effected in a conventional 
manner by lyophilisation (freeze drying) of an aqueous 
suspension of the liposomes. Lyophilisation Is generally 
carried out in the presence of a cryoprotectant. prefer- 
ably a sugar such as sucrose, maltose, trehalose or, es- 
pecially, lactose, to give a powder comprising dehydrat- 
ed liposomes in admixture with cryoprotectant. The li- 
posomes may be reconstituted when required by treat- 
ment of the dehydrated powder in a conventional man- 
ner with water 

[0021] The pharmaceutical composition of the inven- 
tion may be administered parenterally, for example in- 
tramuscularly, intradermally or. preferably, intravenous- 
ly. The composition may be sterilised and may contain 
conventional exctpients such as presen/atives, stabilis- 
ers, emulsifiers, solubilisers or buffers. The daily dose 
may vary according to the age and weight of the patient 
to be treated and the state of the disease concerned. 
[0022] In vivo experiments on rats with the pharma- 
ceutical composition of the invention have shown a high 
degree of uptake of a-interferon hybrkJ by liver cells fol- 
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lowing intravenous administration, indicating the suita- 
bility of th compositkxi for th treatment of viral liver 
diseases such as hepatitis B and hepatitis C. 
[0023] Th inv6ntk)n is illustrated by the following Ex- 
amples. 

Example 1 

[0024] A solution of a mixture of dimyristoyi phos- 
phatidyl choline, cholesterol and dioleoyi phosphatidyl- 
serine in a molar ratio of 9:5: 1 (1 g) in tert-butanol (1 0ml) 
is heated to 50^*0 with constant stirring. Aliquots (1 ml) 
are transferred to 7ml glass vials, which are maintained 
in liquid nitrogen until their contents are frozen and then 
placed in a pre-cooled metal dessk:ator connected to a 
vacuum pump via a cooled solvent trap. The contents 
of the vials are freeze dried over 24 hours in a cool room 
and the resulting lipid cake is stored at -20''C. 
[0025] a-lnterf eron hybrid rl FN-aBDBB (0.64 mg. 1 60 
x 10^ lU) in phosphate-buffered (pH 7.6) aqueous 200 
mM mannitol (5 ml) is added to the lipid cake at 30**C 
and the mixture is gently agitated on a NADrtex mixer for 
3 to 10 seconds. The resulting liposome suspension is 
diluted to 50 ml with further phosphate-buffered manni- 
tol and extruded ten times at 30''C through polycar- 
bonate filters having a pore size of 0.2^m under nitrogen 
pressure. The resulting suspension, containing lipo- 
somes with an average size of 180nm, is chromato- 
graphed on a Sepharose CL-6B column. Fractbns con- 
taining the liposomes are recovered, pooled and con- 
centrated to 50 mg/ml of lipid using ultrafiltration. The 
resulting suspension is dialysed overnight against an 
aqueous phosphate buffered 0.26 M lactose solution, 
then filtered, dispensed into sterile vials and freeze dried 
in a Lyovac GT-4 lyophiliser using a 24 hour programme. 
[0026] Liposomes are reconstituted by treating the 
contents of the vials with sterile pyrogen-f ree water and 
chromatographed on a Sepharose CL-6B column; no 
leakage of the a-interferon hybrid from the liposomes is 
evident, 

[0027] In vitro experiments using Semliki Forest Virus 
- infected WISH cells show that the encapsulated a-in- 
terferon hybrid has retained its antiviral activity in the 
reconstituted liposomes. 

Example 2 

[0028] Example 1 is repeated using ^25|-|abelled riF- 
Na-BDBB. The liposomes obtained are subjected to in 
vivo pharmacokinetic studies, where they are compared 
with the free a-interferon hybrid in a rat model. Male wis- 
tar rats are intravenously Injected In a tall vein with the 
liposomal and free a-interferon hybrid respectively, the 
a-IFN hybrid dose being the same in each case. Some 
of the animals are sacrificed 15 minutes after injection 
and others are sacrificed 2 hours after injectk>n. The ra- 
dioactivity in the livers of the sacrificed animals is deter- 
mined by gamma counting and the percentage of the 
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original a-IFN hybrid dose in the liver is calculated. The 
results are as follows: 





% Dose in Liver 


15 min 


2 hours 


Liposomal a-lFN hybrid 
Free a-IFN hybrid 


39.5 

26.32 


19.3 
7.27 



Claims 

1. A pharmaceutical composition comprising an a-in- 
terferon B/D hybrid contained in liposomes formed 
from a lipid mixture comprising 50 to 75 mol % neu- 
tral phospholipid, 20 to 40 mol% cholesterol and 5 
to 10 mol % charged phospholipid. 

2. A composition according to claim 1 , in which the a- 
interferon hybrid is a-interferon BDBB hybrid. 

3. A composition according to claim 1 or 2, in which 
the major component of the lipid mixture is neutral 
phospholipid component having a phase transition 
temperature of 20 to 30**C. 

4. A composition according to claim 3. in which the 
neutral phospholipid component comprises one or 
more phosphatidylcholines. 

5. A composition according to claim 3, in which the 
neutral phospholipid component is dimyristoyi 
phosphatidylcholine or a mixture thereof with anoth- 
er neutral phosphatidylcholine, said mixture having 
a phase transition temperature of 20 to 30"C. 

6. A composition according to any of the preceding 
claims, in which the charged phospholipid compo- 
nent comprises one or more phosphatidylserines. 

7. A composition according to claim 6, in which the 
charged phospholipid component is dbleoyi phos- 
phatidylserine. 

8. A composition according to any of the preceding 
claims, in which the liposomes have an average 
particle size up to 200 nanometers. 

9. A composition according to any of the preceding 
claims, in which the weight ratio of the a-interferon 
hybrid to the lipid mixture is from 1 :400 to 1 :300. 

10. A composition according to any of the preceding 
claims, in which the liposomes are in dehydrated 
form. 

11. The use of a composition according to any of the 
preceding claims in the preparation of a medica- 



ment for the treatment of viral liver disease. 
Pat ntanspruche 

5 

1. Pharmazeutische Zusammensetzung, die ein a-ln- 
terferon B/D -Hybrid in Liposomen enthalt, die aus 
einem Lipidgemisch geblldet wurden, das 50 bis 75 
mol % neutrales Phospholipid, 20 bis 40 mol % Cho- 

10 lesterin und 5 bis 1 0 mol % geladenes Phospholipid 
enthalt. 

2. Zusammensetzung nach Anspruch 1 , worin das a- 
Interferonhybrid das a-lnterferon BDBB-Hybrid ist. 

75 

3. Zusammensetzung nach Anspruch 1 Oder 2, worin 
die Hauptkomponente des Lipidgemisch es eine 
neutrale Phospholipidkomponente mit einer Pha- 
senubergangstemperatur von 20 bis 30''C ist. 

20 

4. Zusammensetzung nach Anspruch 3, worin die 
neutrale Phospholipidkomponente ein oder mehre- 
re Phosphatidylcholine enthalt. 

25 5. Zusammensetzung nach Anspruch 3, worin die 
neutrale Phospholipidkomponente Dimyristoylp- 
hosphatidylcholin oder ein Gemisch hien^on mit ei- 
nem anderen neutralen Phosphatldylcholin ist, wo- 
bei das Gemisch eine Phasenubergangstempera- 
30 tur von 20 bis SO^'C hat 

6. Zusammensetzung nach einem der vorangehen- 
den Anspruche, worin die geladene Phospholipid- 
komponente ein Oder mehrere Phosphatidylserine 

35 enthalt. 

7. Zusammensetzung nach Anspruch 6, worin die ge- 
ladene PhospholipkJkomponente Dioleoylphospha- 
tidylserin ist. 

40 

8. Zusammensetzung nach einem der vorangehen- 
den AnsprOche, worin die Liposomen eine mittlere 
PartikelgroBe von bis zu 200 Nanometem haben. 

45 9. Zusammensetzung nach einem der vorangehen- 
den Anspruche, worin das Gewichtsvertialtnis des 
a-lnterferonhybrkJs zum Lipkigemisch 1 :400 bis 1 : 
300 betragt. 

so 10. Zusammensetzung nach einem der vorangehen- 
den Anspruche. worin die Liposomen in der dehy- 
dratisierten Fomn vorliegen. 

11. Verwendung einer Zusammensetzung nach einem 
55 der vorangehenden Anspruche zur Herstellung ei- 
nes Arzneimittels zur Behandlung einer viralen Le- 
berericrankung. 
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Revendicatlons 

1 . Composition pharmaceutique comprenant un hybri- 
de BfD d'interf 6ron a contenu dans des liposomes 
fomi^s k partir d'un melange lipidique comprenant s 
da 50 ^ 75% en mole da phospholipide neutre, de 

20 d 40% en mole de cholesterol et de 5 ^ 10% en 
mole de phospholipide charge. 

2. Composition selon ta revendication 1 dans laquelle io 
I'hybride d'interf^ron a est Phybride BDBBd'interf^ 

ron CL 

3. Composition selon la revendication 1 ou 2, dans la- 
quelle le composant majeur du melange lipidique is 
est un composant phospholipide neutre ayant une 
temperature de transition de phase comprise entre 

20 et 30»C. 

4. Composition selon la revendication 3 dans laquelle ^ 
le composant phospholipide neutre comprend une 

ou plusieurs phosphatidylcholines. 

5. Composition selon la revendication 3 dans laquelle 
le composant phospholipide neutre est la dimyris- 
toylphosphatidylcholine ou un de ses melanges 
avec une autre phosphatidylcholine neutre, ledit 
melange ayant une temperature de transition de 
phase comprise entre 20 et 30®C. 

30 

6. Composition selon Tune quelconque des revendi- 
catlons pr6cedentes dans laquelle le composant 
phospholipide charge comprend une ou plusieurs 
phosphatidylserines. 

3S 

7. Composition selon la revendication 6 dans laquelle 
le composant phospholipide charge est la dioleoyl- 
phosphatidytserine. 

8. Composition selon Tune quelconque des revendi- 40 
cations precedentes dans laquelle les liposomes 
ont une taille partlculaire moyenne allant jusqu'^ 
200 nanometres. 

9. Composition selon I'une quelconque des revendi- ^ 
cations precedentes dans laquelle le rapport pon- 
deral de I'hybride d'interferon a au melange lipidi- 
que est de 1 :400 k 1 :300. 

10. Composition selon I'une quelconque des revendi- so 
cations precedentes dans laquelle les liposomes 
sont sous forme deshydratee. 

11. Utilisation d'une composition selon I'une quelcon- 
que des revendicatlons precedentes dans la prepa- ss 
ration d'un medicament pour le traitement de I'he- 
patite virale. 



